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@ Method for maintaining the activity of zeolite catalysts. 

@ There is provided a method for maintaining the activity of a 
zeolite catalyst in the catalytic production of methylamines from 
methanol and ammonia using a zeolite catalyst as at least one of 
catalysts applied, which comprises controlling the amount of 
aldehyde compounds as impurities flowing into a zeolite 
catalyst layer to about 0.15 g/hr-kg-cat. or lower, as calculated 
in terms of formaldehyde. 
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Description 

METHOD FOR MAINTAINING THE ACTIVITY OF ZEOLITE CATALYSTS 

5 BACKGROUND OF THE INVENTION 

- Yhis^nvention relates to a method for maintaining the activity of zeolite catalysts in the process for 
10 producing methylamines from methanol and ammonia with the use of such catalysts. More particularly, this 
invention relates to a method for maintaining the activity of zeolite catalysts by suppressing contamination of 
the reaction system with impurities of a specific kind, which is unavoidable under ordinary conditions. 

Ba |n k general methylamines are prepared from methanol and ammonia under the conditions of a pressure of 5 
to 40 atm and a reaction temperature of 350 to 450° C, using a solid acid catalyst such as silica-alumina Three 
types of methylamines, i.e., mono-, di- and tri-methylamine (hereinafter abbreviated as MMA, DMA and TMA) 
are formed depending upon the number of methyl groups bonded to the nitrogen atom of ammonia Such 
methylamines are all useful as intermediates for various solvents, pharmaceuticals, organic synthesis, dyeing 
aids, surfactants and so on. However, demand for DMA for use primarily as the starting material of 
dimethylformamide in large quantities is much greater, say, about ten times the demand for MMA and TMA in 
Japan In the presence of such solid acid catalyst, however, the composition of the product is 
thermodynamically determined and nearly equal amounts of MMA. DMA and TMA are formed at the same time 
under ordinary conditions. Hence, large proportions of the formed MMA and TMA are returned to the reaction 
25 system after separation and reused as the starting materials. Furthermore, in view of equilibrium, there is a 
need for using a largely excessive amount of ammonia for the purpose of promoting the formation of DMA. 
Separation and recycling of such excessive methylamines and unreacted ammonia cause the installation to 
increase in size and the process to consume a large quantity of energy. For the details of such a process, see 
for example, "Hydrocarbon Processing", 1981, Nov., 1985. ,„.,„,.„>,,,„ 
30 Besides the so-called "conventional catalytic process" as described above in which the reaction involved is 
governed by thermodynamic equilibrium, there has been recently developed a process for ^ obtaining an 
unequilibratory reaction product containing predominantly primary or secondary amine (MMA or DMA) by 
making use of the shape selectivity of zeolite catalysts. In this process, a zeolite (crystalline alumlno silicate) 
having a pore opening diameter of a size intermediate between the critical molecular sizes of primary or 
35 secondary amine and tertiary amine is used as a catalyst and the molecules of tertiary amine are prevented 
from diffusing out of the pores, whereby primary or secondary amine is obtained selectively. With this process, 
DMA may be selectively produced independently of thermodynamic equilibrium, providing various merits such 
as considerable decrease in the amounts of MMA and TMA to be recycled and excessive ammonia, reduction 
in process scale, and energy saving. Specific processes proposed thus far utilizing such zeo ite catalysts 
40 include a process for predominantly obtaining MMA with the use of ZSM-5 or ZSM-21 (U.S. Patent 
No 4 082 805) a process for predominantly obtaining MMA with the use of mordenite, ferriente, enonite or 
clinoputilolite (Japanese Patent Laid-OPen Publication No. 56-113747) and a process for predominantly 
obtaining MMA with the use of levynite (EP107457). Specific processes proposed for predominantly ^btaining 
DMA include those using low-binder A zeolite (Japanese Patent Laid-Open Publication No. 58-69846 , Fu-1 
45 (Japanese Patent Laid-Open Publication No. 54-148708). mordenite (Japanese Patent Lai d-Open Publication 
No 58-49340). mordenite or clinoputilolite (Japanese Patent Laid-Open Publication Nos. 57-4169444 and 
59-21005) and Rho. ZK-5, chabasite or erionite (Japanese Patent Laid-Open Publication No. 61-254256). 

Although only a few reports are available on the process for the production of methylamines using catalysts 
giving such unequilibratory compositions, its general aspect is described in Fujita et al, "Catalysts .vol. 129, 
50 No 4 ( 1 987) . In such a process, the selectivity for DMA is improved by about twice in comparison with that of 
the conventional process, i.e., the thermodynamic equilibrium process, whereas the selectivity for TMA is 
reduced to about 1/5. However, since the zeolite catalyst used has an extremely limited selectivity for TMA and 
TMA returned to the reaction system shows no substantial reactivity over this catalyst, the productivity of TMA 
(relative to DMA) is limited to a very narrow range in the presence of such catalyst. In order to solve this 
55 problem and with a view to making it possible to produce each methylamine at a wider range of given ratios, 
has been proposed to use the conventional equilibrium-governed type of catalyst (non-zeol.t.c catalyst) 
together with a zeolite catalyst in parallel or series (Japanese Patent Laid-Open Publication No. 57-169445) 
One of the characteristic features of processes for producing methylamines using zeolite catalysts is that 
the reaction is carried out at a temperature lower than that applied in the prior art. This is because the effect of 
60 molecular shape selectivity increases at a low temperature, and the amount of the by-product coke formed 
decreases with a decrease in the reaction temperature, thus leading to an increase in the service life of the 
catalyst. Another feature is that methanol is not rendered to be reacted completely, unlike the conventions 
processes, with the conversion of methanol being usually limited to 80 to 98 o/o. Th.s is because the effect of 
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molecular shape selectivity Wfs drastically at a conversion exceeding 98 o/o. In mWcases, therefore, the 
^reacted methanol is separated, recovered and recycled to the reaction system for reuse. 

In aeneral, coke is formed over a zeolite catalyst in a relatively large amount and tends to have a sharp 
influence on the catalytic activity of zeolite. In particular, it has been found that a zeolrte having an 
on SmensfonaT pore structure such as mordenite is apt to be deactivated by coke In the commerce s 
Droductton of methylamine with the use of a zeolite catalyst, the service life of the catalyst is ,n general shorter 
fhan about Zo or three months even when a critical low temperature of 300°C or lower .s appl.ed to restraint 
the formation of coke. This makes the efficient use of zeolite catalysts extremely difficult. 

Until now, various methods have been proposed with a view to controlling the amount of coke formed oyer 
zeolite catalysts or reduce its influence. For instance, studies have been made on methods rearing upon the 10 
fntSductTon ol f attlrd substance such as Pd or P [Ono, "KAGAKU TO KOGYO (Chemistry and Industry)", 38, 
100 (1985)1 the control of the acidic nature (acid strength distribution) of catalysts [Sawa et al, the 58th Forum 
onCatalvsts Proceedings (A)], the selective poisoning of the outer surface activity of catalysts [Dejaifve et al 
J CataJ 70, 1 23°1981 )", the ad ustment of the%ize of zeolite crystals [Sugimoto et al, "Shokubai (Catalysts) , 
Vol 25 13D (1983)1 and the ad ustment of the hydrophilic and hydrophobic nature of catalysts [Okazaki et al 15 
•Shokubai" Vol 25 4P (1983)1. However, these methods fail to provide an essential solution to the problem of 
the deactivation of zeolite catalysts by coke. In practice, a catalyst-regenerating arrangement is required to be 
incorporated in the processes using zeolite catalysts so as to continuously or frequently regenerate the zeohte 
Systs In the process for the production of methylamines in which the amount of gases passmg through a 
reaction i tower is considerably large relative to the output for the aforesaid reasons, however, such regular and 20 
frequent regeneration of the catalysts are disadvantageous in view of production costs and producfvrty. It is 
thus required that plants be continuously operated over an extended period wrthout any regeneration of 
catalysts. 



SUMMARY OF THE INVENTION 



The problems to be solved by the present invention are based on the short service life of zeolite catalysts in 
a process for the production of methylamines using such catalysts. An object of the present invention , is ; to 
provide a method which can increase the service life of zeolrte catalysts in the process and avoid the 
regeneration of zeolite catalysts or reduce the cycle of regeneration in the course of operation. 

As a result of intensive and extensive studies on the above problems by the present inventors, it has been 
found that in a process for the production of methylamines with the use of a zeolite catalyst, aldehyde 
compounds among a number of by-product carbon compounds, especially ormaldehyde, are very 
sScantly concerned in the formation of coke, and the service life of zeolrte catalyst can be considerably 
protonged by controlling the amount of such compounds flowing into a catalyst layer up to a specific ( value 

According to the present invention, therefore, there is provided a method for ma.ntain.ng the activity of a 
zeolite catalyst in the catalytic production of methylamines from methanol and ammonia using a zeolite catalyst 
as at least one of the catalysts applied, which comprises controlling the amount of aldehyde compounds as 
impurities flowing into a zeolite catalyst layer to about 0.15 g/hr-kg-cat. or lower, as calculated In terms of 
formaldehyde. 



BRIEF DESCRIPTION OF THE DRAWINGS 



DETAILED DESCRIPTION OF THE INVENTION 



In the production of methylamines, a small amount of compounds such as lower hydrocarbons, e.g. 
me?hane or e?hane. hydrogen, carbon monoxide, carbon dioxide, dimethyl ether, aldehydes, especially 
formaSeh^de, higher amines and aromatic hydrocarbons, e.g. BTX, are formed as by-produc s In , the 
presence of a zeolite catalyst, the amounts of such impurities produced are hmited to about 1/2 to 1/10 .n 
wmp^son wftn those obtained in the presence of the conventional amorphous solid acid catalysts, 
oresumablv due to its shape selectivity and a lowering of the reaction temperature applied. 
P tn general the contamination of reaction systems with carbon compounds, whatever they are. is expected 
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Fiq 1 is a graphical representation of the relation of the deactivation constant and activity half-life (the 
oeriod in which the rate constant of a methanol-consuming reaction decreases to half) to the amount of 
formaldehyde that flow into a reactor, wherein the amount of formaldehyde is indicated as abscissa and 
tne deactivation constant b/b H cHo-o (left), which assumes 1 when the amount of formaldehyde is zero, 50 
and the activity half-life 9/Ghcho-o (right) as ordinate. nr ^ a ^ 

Fia 2 is a flow-sheet representing a preferable example of the process according to the present 
invention, wherein an equilibrium-controlled non-zeolitic catalyst is used in combination with a zeolite 
catalyst. ss 
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to have an adverse influence upon the service life of catalysts, since they provide materials for carbon-forming 
reactions. According to studies made by the present inventors, it has been found that the influence of carbon 
compounds other than aldehyde compounds, which may possibly contaminate the reaction system In the 
process for the production of methylamines, upon the service life of catalysts is much smaller than that of 

5 aldehyde compounds, and that aldehyde compounds, especially, formaldehyde, on the other hand, greatly 
promote the formation of carbon in such trace amounts that other carbon compounds have no influence at all 
and so give an extremely significant influence upon the service life of catalysts. It is noted that the quantity of 
such aldehyde compounds present at the reactor inlet is normally as small as less than a few percent of the 
total impurities flowing into the reactor. 

10 Formaldehyde which contaminates a catalyst layer is primarily formed as by-products in the synthesis 
reaction of methylamines. Formaldehyde or its compounds are contained in a gaseous reaction product in an 
amount of about 200 to 300 ppm or higher at a reaction temperatue of about 300° C in the presence of a zeolite 
catalyst such as mordenite. As it is not possible to separate and remove them under normal purification 
conditions, nearly entire portion of such aldehyde compounds remain in the recovered methanol stream. In the 

15 commercial methylamine production process using a zeolite catalyst, the amount of the formaldehyde 
compounds entrained per 1 kg of catalyst an hour reaches at about 0.4 g/hr- kg-cat. or higher, as calculated in 
terms of HCHO. Usually, no problem arises in connection with the actual purity of the starting ammonia and 
methanol, provided that they are generally of industrial grade. However, it is likely that formaldehyde may 
contaminate the reaction system, since not only are some generous standards imposed on acetyl compounds 

20 but any standards are not placed on formaldehyde. In most cases, the methanol recovered from an identical 
plant or a different plant offers a good chance of contamination with aldehyde compounds. For instance, the 
methanol recovered from a dimethylformamide production plant usually located adjacent to a methylamine 
production plant contains a lot of aldehyde compounds, and so should be freed of such aldehyde compounds 
for use as the raw material for methylamines. In order to make it possible to produce the methylamines at a 

25 wide range of production ratios, a reactor heretofore available with the conventional equilibrium type of 
catalyst is often used in combination with a reactor for zeolite catalyst. In this case, the conventional catalyst 
(amorphous solid acid catalyst) is generally found to give formaldehyde in a larger amount in comparison with 
the zeolite catalyst (at a reaction temperature of 400° C, it yields formaldehyde more than 10 times as much as 
the zeolite catalyst at 300° C). It is thus likely that the reaction system may be contaminated with aldehyde 

30 compounds contained in the effluent leaving the conventional catalyst reaction column. 

As described later, according to the present invention, the service life of the zeolite catalyst is significantly 
extended by limiting the amount of such aldehyde compounds flowing into the catalyst bed up to a specific 

level. . 

Fig. 1 in the accompanying drawings is a graphical view showing the results of an experimentation carried 
35 out to study the influence of formaldehyde on the life of the zeolite catalyst. It depicts the relation of the 
deactivation constant and activity half-life (the period in which the rate constant of a methanol-consuming 
reaction decreases to half) of a zeolite catalyst to the amount of formaldehyde inflowing into a reactor. From 
this figure, it is apparent that there is a sharp increase in the rate of deactivation, when the amount of inflow of 
formaldehyde exceeds about 0.2 g/hr -kg-cat. It is also noted that where any means was not taken for 
40 preventing the reaction system from being contaminated with aldehyde compounds, i.e., the amount of inflow 
of formaldehyde exceeded about 0.4 g/hr- kg-cat., the half-life of reaction activity (the period in which the 
reaction rate constant k decreases to half, with the proviso that the methanol-consuming reaction is a first 
order reaction with respect to methanol) was 25 o/o of that obtained with a raw material containing no aldehyde 
compounds. The half-life was increased to 60 o/o by controlling the amount of inflow to about 0.15 g/hr - kg-cat. 
45 Thus, the service life of the zeolite catalyst was increased by twice or more and 4 times or more by controlling 
the amount of inflow of formaldehyde to 0.15 g/hr- kg-cat., and 0,01 g/hr- kg-cat., respectively. 

Thus, according to the present invention, a method for maintaining the activity of a zeolite catalyst in the 
process for the production of methylamines using a zeolite catalyst as at least one of catalysts applied has 
been established by controlling the amount of aldehydes esp., formaldehyde compounds, among a number of 
50 compounds which may possibly contaminate the reaction system involved, that flow into a catalyst layer to 
0.15 g/hr- kg-cat. or lower, preferably 0.1 g/hr -kg-cat. or lower, more preferably 0.05 g/hr- kg-cat. or lower, 
most preferably 0.01 g/hr -kg-cat. or lower, as calculated in terms of HCHO. 

The present invention is applicable to methylamine production processes where a zeolite catalyst is used or 
an equilibrium-controlled catalyst such as silica-alumina is used in combination with a zeolite catalyst. 
55 The zeolite catalysts used in the present invention should show activity with respect to the synthesis of 
methylamines, as is the case with Y-type zeolite and mordenite. Especially included in such zeolite catalysts 
are zeolites exhibiting molecular shape selectivity to the synthesis reaction of methylamines, viz., mordenite, 
Fu-1, chabasite, erionite, Rho, ZK-1, zeolite A and levynite. 

The reaction involved occurs at a lower temperature in comparison with conventional methods, say, 230 to 
60 350°C, preferably 250 to 320°C, and the reaction conditions applied include a pressure of 1 to 50 atm, 
preferably 5 to 30 atm, an N/C ratio of 1 to 3 (a number ratio of nitrogen atoms to carbon atoms in the reaction 
system), a space velocity of 600 to 2000/hr and a methanol conversion of 80 to 98 o/o. The removal of aldehyde 
compounds may rely upon precise and elaborate rectification or chemical treatments by an alkali, sodium 
bisulfite, etc. 

65 The process of the present invention may be applied, for example, in the manner as shown In Fig. 2, to a 



4 



EP 0 342 999 A2 



orocess wherein a zeolite catalyst and a non-zeolitic solid acid catalyst are used in combination. 
P More particularly, all or a substantial part of the recycled amines from which the product methylam.nes have 
beeli sepaSTthe purification system and unreacted ammonia are fed to a zeolite catalyst reactor Z n ) 
fhroughC?viallne2togetherwithL 

unreacted methanol (containing aldehyde compounds) recovered h a methanol recovery tower (M and not 
subiected to elaborate rectification is fed to a non-zeolitic solid acid catalyst reactor (Ar) thro wgj . Hne 10 via 
Sne 5 To this non-zeolitic solid acid catalyst reactor (Ah) are also fed through line 11 the remainder of the 
recycled amines and unreacted ammonia (which have been fed through line 8) and/or through line 4 part of the 
product obtained in the zeolite catalyst reactor (Z R ), both via line 5. .„» h HlWnhteinoH 

All or a large portion of the product obtained in the zeolite catalyst reactor (Z n ) and all the product obtained 
in Vhe non-zeoimc solid acid catalyst reactor (Ar) are introduced into the purification system (D) respectively 
Through Tne 3 and line 6. both via line 7. In the purrficatlon system (D), the product methylam.nes are recoy. red 
through line 12 while the recycled amines separated therefrom and unreacted ammonia are transfe ed in the 
manner seated above and the unreacted methanol is supplied to the methanol recovery tower (M). 

TO process requires no elaborate separation of aldehyde compounds in the methanol recovery tower. The 
aldehvde compounds flowed into the non-zeolitic solid acid catalyst reactor together with the recovered 

mShlnda^ ■ « 

SamplS of ™n-£eol!tlc solid acid catalysts for use herein are porous soHd acid c f^ s ^^^ e 
comorisino silica and/or alumina such as, Y -alumlna and silica-alumina. The reaction conditions to be 
emSd include a temperature of from 350 to 450°C, preferably from 370 to 420°C and a pressure of from 
atmospheric pressure to 50 atm, preferably from 5 to 30 atm. If desired, fresh methanol or ammonia may be fed 

10 The reacS conditions required when a zeolite catalyst is used are as mentioned previously. 

The preset invention will now be explained in more detail with reference to the follow.ng examples and 
comparative examples. 

^SfRiSfp^ordenite (Na content: 0.7 wto/o), pellets having a diameter of about 5 mm , were packed 
i n « 1 /PB ^amless reaction tube having a length of 800 mm together with an inert solid diluent having the same 
parttole o^X^/^T^reT^monl methanol, MMA, DMA and TMA (NHa/MMA/DMAATMA/meth- 
anS i 46^12 So 1/5.0/36.7 wto/o), containing 300 ppm or 880 ppm of formaldehyde, was continuously 
passed thiethrough a a reaction temperature of 320°C and a pressure of 19KSCG to carry out reaction. The 
effluence was regSrly sampled to analyze the amount of unreacted methanol by gas chromatography and 
measure an?ctivfty change w^th time, which activity is expressed in terms of the rate constant of the first order 
reaction with respect to methanol. The results are shown in Table 1(5) and (6). 

Example 1 

Usino the same reactor and catalyst as in Comparative Example 1, a similar mixture of ammonia and 
metS I contolning 0 - 90 ppm of formaldehyde was continuously passed through the reactor under the same 
conditions to carry out reaction. The results of activity changes with time are shown in Table 1 (1 ) - (4) . 

^jgwiaS5£for and catalyst as in Comparative Example 1 . a similar mixture of ammonia, metoanol 
MMA DMA and TMA was passed through the reactor under the same reaction cond.t.ons with the addition of 
Simultaneous^ with the aliphatic hydrocarbons shown in Table 2(1). The results of activity changes w.th time 
are shown in Table 2(1). 

C °UsCh^ e samTr^ and catalyst as in Comparative Example 1, a similar mixture of ammonia, methanol^ 50 
MMA DMA an?TM^, containing the aromatic hydrocarbons shown in Table 2(2). was continuously passed 
thresh the reactor unoer the same reaction conditions to carry out reaction. The results of activity changes 
with time are shown in Table 2(2). 
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In Comparative Example 1, more than about 0.4 g/hr-kg-cat. of formaldehyde was added to a starting 
material comprising pure ammonia, methanol and methylamines, in consideration of the case where no means 
was taken for the removal of impurities from the reaction system, and the material was then allowed to react at 
320° C over the zeolite catalyst (isothermal reaction) to measure the rate of deactivation. The reaction activity 
was approximated by the first order reaction with respect to methanol [reaction rate constant k(1/sec)] and 
the pattern of deactivation by exponential deactivation [k= ko exp(-bt), b: deactivation constant (1/day) and It: 
the time elapsed (day)]. The service life of the catalyst was expressed in terms of the ratio 0/8hcho=o of the 
activity half-life (the period required for k 1/2k) with respect to the starting material comprising pure 
ammonia/methanol/methylamines containing no impurities and the rate of b/b HC Ho-o of the deactivation 
constant 

In Example 1, similar experiments were performed with the amount of inflow of formaldehyde smaller than 
actual case. The figure in this drawing graphically illustrates the results of Comparative Example 1 and Example 
1 From this figure, it is apparent that 8/8o = 0.25 when the amount of inflow of formaldehyde is about 0.4 
g/hr-kg-cat. (the catalyst has a service life of about 2.5 months at this time), and the rate of deactivation 
sharply increases at a larger amount. When the amount of inflow of formaldehyde is 0.15 g/hr- kg-cat, on the 
other hand, B/Bo is about 0.6. In other words, the service life of the catalyst increases by about 2.4 times. This 
corresponds to a catalyst life of about six months which is almost satisfactory from the industrial point of view. 
Further 9/00 increases to about 0.8 when the amount of inflow of formaldehyde is 0.05 g/hr-kg-cat., and 8/8o 
is nearly equal to 1 at 0.01 g/hr-kg-cat., indicating that the catalyst life increases by about 4 times. This 
corresponds to a catalyst life of as long as about one year or longer which is adequately satisfactory from the 
industrial point of view. 

In Comparative Examples 2 and 3, similar influences were measured using carbon-containing compounds 
other than aldehydes, which may possibly contaminate the reaction system, viz., aromatic and aliphatic 
hydrocarbons. These compounds have no substantial influence upon the catalyst life, even when they are 
present in an exceedingly large amount as compared with the formaldehyde compounds. It is thus clearly 
appreciated that only the aldehyde compounds have a specific influence upon the catalyst life even in trace 
quantities. 

Compara tive Example 4 . 

About 60 ml of cylindrical Y type zeolite (HY) of about 3 mm in diameter and about 10 mm in length were 
packed in the reaction tube as used in Comparative Example 1 together with an inert solid diluent of about .5 
mm in diameter, and similar starting materials as in Comparative Example 1, now containing 300 ppm or 2000 
ppm of formaldehyde, were allowed to react continuously under the same conditions. The results of activity 
changes with time measured are shown in Table 3(3) and (4). 

Example 2 

Using the same arrangement as in Comparative Example 1 and the same catalyst as in Comparative 
Example 4, a similar mixture of ammonia, methanol and methylamines, containing 0 to 90 ppm of formaldehyde 
was continuously passed through the arrangement to carry out reaction. The results of activity changes with 
time measured are shown in Table 3(1) and (2). 
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Claims 

1 A method for maintaining the activity of a zeolite catalyst In the catalytic production of methylamines 
from methanol and ammonia using a zeolite catalyst as at least one of catalysts applied, which comprises 
controlling the amount of aldehyde compounds as impurities flowing into a zeolite catalyst layer to about 
0.15 g/hr - kg-cat. or lower, as calculated in terms of formaldehyde. 

2. The method according to Claim 1 , wherein the zeolite catalyst is one which exhibits molecular shape 
selectivity to the formation of monomethylamine or dimethylamine from methanol and ammonia. 

3. The method according to Claim 2, wherein the zeolite catalyst is selected from the group consisting 
of mordenite, Fu-1 , chabasite, erionite, Rho, ZK-1 , zeolite A and levynite. 

4. The method according to any one of the preceding claims wherein a non-zeolitic solid acid catalyst is 
used together with the zeolite catalyst. 

5. The method according to any one of the preceding claims wherein the amount of aldehyde 
compounds is controlled to 0.01 g/hr - kg-cat. or lower. 

6. The method according to any one of the preceding claims wherein the catalytic production of 
methylamines from methanol and ammonia is carried out under the conditions of a temperature of 230 to 
350° C, a pressure of 1 to 50 atm, an N/C ratio (a number ratio of nitrogen atoms to carbon atoms) of 1 to 
3, a space velocity of 600 to 2000/hr and a methanol conversion of 80 to 98 %. 
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